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e!ltrlo!

The output deas from free-elaotron lasers tends to de & thin, pencil-like beam decause
of the nature of the gain voluse. For moderate powvar devioes, airror Jasage eonsidera-
tions imply that the beadk Ras to travel asny meters before it can expand enough to allow
retro-reflection fros state~of-the~-art sirrurs. HNowever, use of grazing incidence optics
can resolve t"e problem of damage to the optiosl elesents and result in 8 cavity of res-
sonable dimensjens. The eoptical design considerations for suoh resconators are addressed
in this paper. 4 fev Of the practical resonator ¢esigns approaching aiffraction limited
perforsance ars presented.

atroductjon

The gain medium for free-slectron lasers is usually s volume that 1s olose to an on-
ax13 regilion that 1s thin and pencil lixe. This results in a cavilty length that is @any
feters long to avoia casage to optical elements in the ocavity, even jf state-of-the-art
mirrors are used. In addition to th™e length of the oavity, attendant prodb,ema of align-
ment sensitivity, thersal and sechaniocal stability of the ocavity asxe cavities of such
lengths ai1ffloult to operate.

Near normal incidence reflectors and refractors have to be ruled out on the basis of
ajrror gasage oonsiderations alone.

Because of thepe aifficulties, ve looxed iNto the use cf Oavitles wvith all reflecting
elemants. In addition, the use of grazing incildence OPtiod would help & lot 1n solving
ihe damage problews to the optical cl'ggntl. Crazing Inocidence ortics have deen succass-
fully used 1g i-ray and CUY astronoay for fsaging applications. r. B. WMumnla ana
D. C. Jordan have proposed the use of such optics to foous the dDeams in lasers used 1IT
fusion. Thner have shown that the use of grazing incidenbe optios to avold dasage to
cptical elesments hap peveral advantages. Specifically. the Fresnel equations indicate
inat sets)l mirrors used 8t high angles off incidence result ‘'n reduced adsorption of
properly pclarized light, resuliing in a compensurate leproveaent In gasage resistance.
Alsc. for & given mirror flgure error, lower transalssion losses aNg iBproved wavefront
Guality rasult. We have extended thie approsch to study the deslgn of resonators for tne
free-slectron laser.

Cptical designe for various oandidate reponators ror the free-electron laser

The major requiremenis for the resolatcr oavity for free-electron lasers ,nclude,
among orner oriter.a, the following requirements: 1) use of elements thay oan withstang
dasage 1o elements. 2) optical elements that 0an be succredsfully manufactured within the
framevorx of current technology, 3) sn output deam vhich 1 suffilolently large (-2% om
dismetsr) ac that conventional optlioal elements oan be _uped at the output of the resona-
tor. and %) a3 nearly diffraoction limited output (ca/710 peam to villey In teras Of wave-
front Quality).

The variour candidate systems depigned to meer these requirements are snowvn in
Figure 1. Tne typical optical element comdinations sre: 1) nypervololid-paradboloia, 2]
RypertGia-parsbola, and 3) oylinder-oylinder. Taple ' gives detalls of the oonstruc-
tional parameters for the asystems. Tadle 2 gives detalls of tolerances typicasl of these
Systems wher used 89 reaonators. Ve are showving only one half of tne cavity in Figure .
Tre other nalf of the c8vity is identical to the nalf shown 1n Figure ' aro Tavle Y. The
¢ylinder-cylinger hap potentially the highest aberration ana the hyperdola-paradcla 19 »
diffloult fapricalion problem. These two Cased &re 2160 ROt rotationally syesetrio.
dowever, the hyperdololid~=paradclolia case 19 aderration free at any F n-umder ancd has Lhe
sdvantages of a rotationally sycmetric system. Ve olose this system for further refine-
ments ih aesjgn and an obtimised lOw expansion glass version of t!ll design 18 belng
sanufactured by the Peruin-Elmer Corporation at the prepent time. °° The two pDapers re-
ferred tc In Refsrences 6 anc 7 are Deing precentesd 8t this OONTerence 4ls0. We glve
detalls o the dedignr as well as Lhe Banufacture of thie systea. Table ) glves detalls
of the nyperdoloid-paradolold resonptor aysteam with a8 half oavity length of 23.2 meters
on whion the 8ystes oufrently belng BManufactured 1s bDased. The worx deaz-1bed Iln thip



paper wap done using ACCOS v.7 ae aoet of the amalysis dono weing ACCOS V was bdanea
heavily on geometric cdasiderations, further refincmentis are Reeded tO aseocunt for the
physical optices prodless that have to be sddressed in the finsl resonstor desigun. Thnis
is also pointed out in the papers referred to in heforence V.

We limited our search to solutions whioh ean be used as either o nLear eoncentric reso-
nator or a ring resonator. Figurs 2 shous the sohematic of & near €0BOSNnL: 10 resonator.
All the designs have been daniocally Gerived fres the Iollors oonfigurations, and nodified
for the purpose of msking thes functional as resonator oavities. Our !dea was 30 extend
the Wolter concept to canes where the grasing inocidence optios results 1v a sagnifier
vith a large (-25 on diameter) deanm as the output deam which is collimated (for the ring
resonator) or nearly ocllisated (for the near concentrio resonator).

Sunmary and conclusion

The use of grating inoidence optias (for the first element of ithe rescnator) for free
electron laser resonatosrs Sppears to be a good solution to a difficuit prodlea. The
basic hyperdbolold-paraboloid solution BII been optimised, snd is currently being manufac-
tured by the Por’ln-lllor Corporation. We hope to set up the ocavity design described {n
the those papers’ at Los Alamos and study the properties of such a rusonator. We believc
that this s the first tise & resonator oavity with grazing inoidence optics has been
tried. The results should prove interesting an¢d provide good insights for the validity
of current resonator analysis programs and hylp us understand the grating inci!dence reso-
nator properties.
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Tadle 1.

Construction Parsmeteras for Various Systems

Half
Cavity Site Sise
Length (cm) Aro! Radius (om) are Padive
(n) Y x1x (en®) (om) i I 0 ¢ {em?) lem)
Ryperdoloid/Paradoloid Configuration
29 oa Diameter Output Beas
28.% 67.4 x 8.0 823.0 5.06 316.1 5 82.1 10,4881 30.0
23.4 72.9 z 6.% 3715.6 2.1 380 = 33%.0 9,621 12.%
18.9 &4.9 x 5.3 187.0 3.38 263.8 x 3%.1 7.261 25.¢C
Cylinder/Cylinder Configurstion
25 om Dismeter Outrput
34 260 x 24 a,904 2152 272 2 25 5,347 -080.3
Hyperbola/Parabola Configuration
25 cm Diameter Output
3 2%9 x 2% §,082 3278.% 272 = 25 5,301 -7152.8
Half Displacements Between
Cavicy Last Two Elements Anjle of 1nec.
Length AY s 2 [ ]
im) (p) (m) Mirror 1 Mirror 2
Hyperdoloid/Paraboloid Configuration
2% om D!ameter Output Deanm
28.% 2.6 13.3 85.2° 8u.6°
23. 4 1.4 9.9 06.3 85.9°
18.9 2.2 11.6 85.2 4.6
cylinder/Cylinder Configuration
25 cm Diameter Output
34 2717 1.%70 85 85
Hyperbola/Paradbola Configuration
25 o Diameter OQutput
LY 296 1.7 L 8se
Tadle 2. Resonator Tolerance 3Study
Alignment Tolerance to Centerline with Effective Zero OPD
.000%® Decollimation
Cavity Caviry Radius
case _bength Tolerance (ms) ‘(em)
Hyperboloid/Paradbolold 70 » .70 2.07%
Cylinder/Cylinder S0 m *33.0, =31.% +. 075, -.072
Cylinder/Cylinder 0w +648.8, -62.0 *, 105, ~-,100
Hyperbdbola/Paradola S0 m «33.0, =-32.5% *«,00V, -.008

.00003°* Decollimprtion

Hyperboloid/Paradoloid 70 a ., 70
Cylinder/Cylinder S0 s, -2.%
Cylinder/Cylinder 0w +7.8, -5.0
Hyperbola, Parabols %0 » 3.6, -3.2

2.0078

+.,009, -.006
.l°‘2| =-.017
+.,0086, -.008
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Tadle 2. (eentinwed)

bean Dlsplacesents at

Besa DPisplacsesents at

Nirrer Bo. Nirrer Ro. 2
Cavity I 1 XD 1 Radius T 2 I 2
—000 RTTT {1 ]} (gn) ___2(99) {se) {38)
«000%° Decollimation
Ayperdoloid/Paraboloid 70 gl 1.1 21.2 2.099 t.09
Cyiinder/Cylinder 50 » 22.95 .02 *.093, ~-.007 2.2%5 1.023
Cylinder/Cylinder 70 3.36 .03 ¢, 176, =. 188 <+, 09, -.066 £.03%
Ayperdola/Paraboln S0 » t.2%5 8.02 *.105, -.10% 2.29%% £.023
.00008° Decollimation
Byperdoloid/Parabdoloiad 70 = 2.1 2. 1% 2.12 2.0095 t.009
Cylinder/Cylinder S0 m $.0255 2.0019 «,008, ~-.019 2.02%8% $.0022
Cylinder/Cylirder 0 e 2.03%5% %.0025% ¢, 022, ~-.0V8 £.0359 ¢.0028
Hypervola/Parabdola S0 m 2.02%% £.002 ¢, 01, -.01 2.025%6 1.0023
Tabdle 3. Details of Ayperdoloid/Parabdoloid Systen

FEL Front Hyp.

Basic Lens Data

(23.4m V/2 Cavity 7-18-83)

Surf RO T™ Nedius ] | pr
0 0.000000 «312500E+05 Afr
1 0.000000 =.187500E+05% Air
2 0.000000 8625.000000 Alr
3 21.114848 10.551949 FEFL
L} 0.0000900 9375.000000 ALr
5 0.000000 -9375.000000 Alr
6 0.000000 0.000000 Alr
7 0.000000 -62.500000 Alr
8 125.000000 0.000000 FIFL
9 0.000000 625.000000 Alr
10 0.000000 .312500K+05 Mr
n 0.000000 625.000000 ALy
12 0.000000 0.vo0000C Alr
CC and Aspheric Data
Surf cc AD A AT AG
3 -.10020E-01
8 -, 10000E+01
Tilt and DEC Data
Surf Type Yd XD Alpha Beta Gapra
k) Tile 0.00000 0.00000 0.0000 0.0000 0.0000
[ Tilt 0.00000 0.00000 0.0000 0.0000 0.0000
Ref OJb HT Ref AP HT 0BJ Surf Ref Sur? leg Surf
«125000E-21Y ( =-.00 DC) 1.2%000 0 1 12
EFL BF F/NBR Length 01D T-Mag
125085.0063 625.0000%0 00 s JONNB.05%19 53573.0519-18530,270441
Wavl Nbr 1 2 3 L) 5
Wavelength 38786 48613 .656217 .A3584 .706%2
Spectral Wt 1.0000 1,0000 1.0000 1.0000 1.0000

No Aperture Stop

Lens Unite Are MM
Evaluazion Mode i3 afocal
Control VWavelength is

Primary Chrosatioc Wavelengths sre 2 - 3
S8econdary Chromatic Javeleng'hs are 2 - 1
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FIGURE 1
GRAZING INCIDENCE ANGLE
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2. HYPERBOLA/PARABOLA

FIGURE 2
NEAR CONCENTRIC RESONATOR
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